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WKH EHQHILFLDO HIIHFW RI FRDWLQJV RQ DEVRUSWLRQ FDQ EH WUDQVIHUUHG E\ XVLQJ FRDWHG ILOOHU ZLUHV LQ LQ ODVHU EHDP
ZHOGLQJRIFRSSHU7KXVWKLVSDSHULQYHVWLJDWHVWKHLQIOXHQFHRIFRDWHGILOOHUZLUHVRQWKHZHOGVHDPSURSHUWLHVRI
ODVHU EHDP ZHOGHG FRSSHU FRQQHFWLRQV ,Q WKLV FRQWH[W WKH UHVXOWLQJ ZHOG VHDP DUH HYDOXDWHG UHJDUGLQJ WKH
JHRPHWULFDOVKDSHWKHZHOGLQJPHWDOOXUJ\DQGWKHHOHFWULFDODQGPHFKDQLFDOSURSHUWLHV
6WDWHRIWKHDUW
7KH FKDUDFWHULVWLFDOO\ SURSHUWLHV RI FRSSHU DUH D KLJK KHDW FRQGXFWLYLW\ :LHODQG :HUNH  DQG D ORZ
DEVRUSWLRQ IRU LQIUDUHGZDYHOHQJWKV DW URRP WHPSHUDWXUH+HLGHU HW DO  &RQVHTXHQWO\ VRPH SUREOHPV HJ
PHOWHMHFWLRQVSRUHVVSDWWHUVDQGFROODSVHVRIWKHNH\KROHRFFXUGXULQJODVHUEHDPZHOGLQJRIFRSSHUZLWKPXOWL
NLORZDWW EHDP VRXUFHV ZKLFK DUH XVHG LQ LQGXVWULDO DSSOLFDWLRQV WRGD\ +HLGHU HW DO  7KHUHIRUH VRPH
DSSURDFKHVZHUH LQYHVWLJDWHG WRFRXQWHUDFW WKRVHZHOG LPSHUIHFWLRQVZKLFKFDQEHFODVVLILHG LQ WZRJURXSV7KH
ILUVWJURXSPRGLILHV WKHVXUIDFHVRI WKHPDWHULDOV LQRUGHUWRJDLQEHWWHUUHVXOWVGXULQJODVHUEHDPZHOGLQJ,Q WKLV
FRQWH[W*ODVPDFKHU  LQYHVWLJDWHG WKH SRVLWLYH HIIHFW RI R[LGH OD\HUV RQ WKH DEVRUSWLRQ LQPLFUR VSRW ODVHU
EHDPZHOGLQJRIFRSSHUZKLOH%HUJVWU|PDQG0DQQGHWHFWDEHQHILFLDOHIIHFWRIVXUIDFHURXJKHQLQJ
RQWKHDEVRUSWLRQRIFRSSHUDOOR\VIRULQIUDUHGZDYHOHQJWKV%HVLGHVWKLV0DQQHWDOFDQG0\VXQG6FKPLGW
GHWHUPLQHGDEHWWHUDEVRUSWLRQIRU LQIUDUHGZDYHOHQJWK LIFRDWLQJVDUHXVHG IRU WKHEDVHPDWHULDOVGXULQJ
FRQWLQXRXVZDYHDQGSXOVHGZHOGLQJRIFRSSHU7KHVHFRQGJURXSVROYHVWKHSUREOHPVGXULQJODVHUEHDPZHOGLQJRI
FRSSHUE\DGDSWLQJWKHSURSHUWLHVRIWKHODVHUEHDP+HUH+HVVHWDOXVHVWKHLQFUHDVLQJDEVRUSWLRQRIFRSSHU
IRU ZDYHOHQJWK LQ WKH JUHHQ VSHFWUXP E\ DSSO\LQJ D ORZ SRZHU VHFRQGKDUPRQLF ODVHU EHDP ZLWK D VSDWLDO RU
WHPSRUDORIIVHW WRJHQHUDWHD VPDOOPHOWSRRO6XEVHTXHQWO\DKLJKSRZHU LQIUDUHG ODVHUEHDP LVFRXSOHG LQWR WKH
PHOWSRROZLWKDKLJKHIILFLHQF\DVDEVRUSWLRQRIFRSSHUIRULQIUDUHGZDYHOHQJWKLQFUHDVHVDWHOHYDWHGWHPSHUDWXUHV
+HVV HW DO  $QRWKHU DSSURDFK SUHVHQWHG E\ +HLGHU HW DO  XVHV DQ H[WHUQDO IXQFWLRQ JHQHUDWRU WR
PRGXODWHWKHODVHUSRZHURIDPXOWLNLORZDWWLQIUDUHGEHDPVRXUFHLQRUGHUWRVWDELOL]HWKHNH\KROHDQGWKXVUHGXFH
WKHQXPEHURIPHOWHMHFWLRQVVSDWWHUVDQGFROODSVHVRIWKHNH\KROH)XUWKHUPRUH+HLGHUHWDOLQYHVWLJDWHVWKH
LQIOXHQFH RI WKH LQWHQVLW\ RQ ODVHU EHDPZHOGLQJ RI FRSSHU ZLWK LQIUDUHG EHDP VRXUFHV DQG LGHQWLILHV D SURFHVV
ZLQGRZDWKLJKLQWHQVLWLHVLQZKLFKDVWDEOHSURFHVVFDQEHDFKLHYHG
+RZHYHU PRVW RI WKHVH DSSURDFKHV UHTXLUH VPDOO IRFDO GLDPHWHUV LQ RUGHU WR JDLQ D KLJK LQWHQVLW\ DQG WR




WKHPHFKDQLFDO DQG HOHFWULFDO SURSHUWLHV RI WKH MRLQWV WKURXJK WKH DSSOLFDWLRQ RI ILOOHUZLUHVZKHUHDV WKH HQHUJ\





 Vincent Mann et al. /  Physics Procedia  83 ( 2016 )  437 – 446 439






LQYHVWLJDWHG DUH WKH FRSSHU DOOR\V&X2)DQG&X6QZLWK D WKLFNQHVVRIPP LQ DV UROOHG FRQGLWLRQ7KH
VKHHWVDUHVKHDUFXWWHG WRTXDGUDWLFVSHFLPHQVZLWKDQHGJH OHQJWKRIPP)RUZHOGLQJDFRQVWDQW ODVHU
SRZHU RI : QR VKLHOGLQJ JDV DQG D ZHOGLQJ YHORFLW\ RI PPLQ DUH DSSOLHG WKH IRFDO SODQH LV
SRVLWLRQHGRQWKHVXUIDFHRIWKHVKHHWVDQGDODWHUDODQJOHRILQFLGHQFHRILVXVHGWRSURWHFWWKHRSWLFDOVHW
XS IURPEDFN UHIOHFWHG ODVHU UDGLDWLRQ'XULQJ WKHZHOGLQJ H[SHULPHQWV ILYHGLIIHUHQW W\SHVRIGUDZQ ILOOHU
ZLUHVZLWKDGLDPHWHURIDSSUR[LPDWHO\PPILOOHUZLUHSOXVFRDWLQJDUHXVHG7KHSURSHUWLHVRIWKHILOOHU





)LOOHUZLUHFRGH :LUH$ :LUH% :LUH& :LUH' :LUH(
:LUHPDWHULDO &X2) &X2) &X2) &X2) &X2)
&RDWLQJPDWHULDO  QLFNHO QLFNHO WLQ WLQ











   
7HQVLOHVWUHQJWKLQ1PPð ! !  
0HOWLQJWHPSHUDWXUHLQ.    
+HDWFRQGXFWLYLW\LQ:[P[. !   












4.1. Weld seam surfaces 
7KHILUVWFULWHULRQIRUWKHHYDOXDWLRQRIWKHLQIOXHQFHRIFRDWHGILOOHUZLUHVRQODVHUEHDPZHOGLQJRIFRSSHUDOOR\V




ZHOGVHDPDVZHOODV WKHYDULDWLRQRI WKHZHOGVHDPZLGWKDORQJ WKHZHOGVHDPFRQWRXU LV UHGXFHGDQG WKHZHOG
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4.2. Cross-section of the weld seams 
)RU IXUWKHU LQYHVWLJDWLRQV RQZHOG VHDP JHRPHWU\ FURVVVHFWLRQV RI WKHZHOG VHDPV DUH SUHSDUHG LQ RUGHU WR
GHWHUPLQH WKH FURVVVHFWLRQDO DUHD WKHZHOG VHDPZLGWK DQGZHOG UHLQIRUFHPHQW RI WKH MRLQWV )LJ  VKRZV WKH
FURVVVHFWLRQVFRUUHVSRQGLQJWRWKHWRSYLHZVLQ)LJ$QDORJLFDOO\WRWKHWRSYLHZVWKHXVHRIFRDWHGILOOHUZLUHV




FURVVVHFWLRQV )LJ  EH VKRZV VRPH FKDQJH LQ WKH PLFURVWUXFWXUH RI WKH ZHOG VHDPV 'XH WR WKH JRRG
VROXELOLW\RIQLFNHOLQSXUHFRSSHUQRIRUPDWLRQRIIXUWKHUSKDVHVFDQEHUHFRJQL]HGIRUWKHQLFNHOFRDWHGILOOHUZLUHV
LQ)LJ  E DQG)LJ  F ,Q FRQWUDVW WKH FURVVVHFWLRQV RI WKHZHOG VHDPVZHOGHGZLWK WLQ FRDWHG ILOOHUZLUHV
LQGLFDWHGFKDQJHVLQPLFURVWUXFWXUHUHFRJQL]DEOHE\VRPHGDUNHUDUHDVZLWKLQWKHFURVVVHFWLRQ)LJGDQG)LJ











VHDP JHRPHWU\ DUHPHDVXUHG IRU HDFK RI WKH WKUHH UHSHWLWLRQV RI RQH VHW RI SDUDPHWHUV )LJ  VKRZV WKH FURVV
VHFWLRQDO DUHD IRU&X2)DQG&X6Q MRLQWVZHOGHGZLWK ILOOHUZLUHV DQGGLIIHUHQW FRDWLQJV ,QFDVHRI WKH&X2)
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DUHSUHVHQWHG LQ WKH ULJKWGLDJUDP LQ)LJ$V&X6QKDVD ORZHUPHOWLQJ WHPSHUDWXUHDQGKHDWFRQGXFWLYLW\DV
ZHOOVDVDKLJKHUDEVRUSWLRQIRULQIUDUHGZDYHOHQJWKDWURRPWHPSHUDWXUHWKDQ&X2)WKHFURVVVHFWLRQDODUHDVDUH
GHFUHDVLQJ IRU WKHXVHRIFRDWHG ILOOHUZLUHVGXH WRH[WUDDPRXQWRIHQHUJ\EHLQJFRQVXPHG WRPHOW WKHFRDWLQJV
&RQVHTXHQWO\ WKHZHOGVHDPVZHOGHGZLWKFRDWHGILOOHUZLUHVRIDFRDWLQJ WKLFNQHVVRIPKDYHD ODUJHUFURVV




VPDOO YDULDWLRQV LQZHOG UHLQIRUFHPHQW DQG URRW VDJJLQJ FKDQJHV LQ WKH FURVVVHFWLRQDO DUHDV RI WKHZHOG VHDPV
VKRXOGRQO\FKDQJHZLWKDYDU\LQJZHOGVHDPZLGWK$FFRUGLQJO\WKHUHVXOWVIRUWKHVHDPZLGWKVDWWKHWRSVLGHLQ
)LJVKRXOGFRUUHVSRQGWRWKHFURVVVHFWLRQDODUHDVVKRZQLQ)LJ7KLVLVFRQILUPHGE\DOOZHOGVHDPZLGWKVRI







 Vincent Mann et al. /  Physics Procedia  83 ( 2016 )  437 – 446 443


















444   Vincent Mann et al. /  Physics Procedia  83 ( 2016 )  437 – 446 
6LQFH&X6QEDVHPDWHULDODOUHDG\FRQWDLQVVL[ZHLJKWSHUFHQWRIWLQ WKHFRQWULEXWLRQRIWKHDOOR\LQJHOHPHQWV
RULJLQDWLQJIURPWKHFRDWLQJVRIWKHILOOHUZLUHVKDYHDFRPSDUDWLYHO\ORZHULQIOXHQFHRQWKHHOHFWULFDOUHVLVWDQFHRI
WKH VLPLODU&X6Q MRLQWV WKDQRQ WKH&X2I MRLQWV ,Q DGGLWLRQ WKHZHOG VHDPJHRPHWU\ DV SUHVHQWHG LQ WKH ULJKW
GLDJUDPVLQ)LJDQG)LJDIIHFWVWKHHOHFWULFDOUHVLVWDQFHRIWKHMRLQWV6LQFHWKHZHOGVHDPKDYHDKLJKHUFRQWHQW
RIDOOR\LQJHOHPHQWVFRPSDUHGWR WKHEDVHPDWHULDOVDOVRWKHHOHFWULFDOUHVLVWDQFHZLWKLQWKHZHOGVHDPLVKLJKHU












GLDJUDPV WKH VROLG OLQHV UHSUHVHQW WKH MRLQWV ZHOGHGZLWK XQFRDWHG ILOOHUZLUHVZKHUHDV WKH GDVKHG OLQH DQG WKH
GRWWHGOLQHVPDUNWKHUHVXOWVIRUWKHFRDWLQJWKLFNQHVVHVPDQGPUHVSHFWLYHO\%HVLGHVWKLVDOVRWKHFRORURI








GDUN JUD\ DQG ]HUR GRWWHG OLQHV EODFN IRU WKH XVH RI FRDWHG ILOOHUZLUHV )XUWKHUPRUH VROLG VROXWLRQ KDUGHQLQJ





QXPEHURI VSHFLPHQVZLWKDSUHPDWXUH IDLOXUH XQFRDWHG ILOOHUZLUHV VROLG OLQHV OLJKWJUD\PQLFNHO FRDWLQJ
GDVKHGOLQHVGDUNJUD\FRPSDUHGWRWKHMRLQWVZHOGHGZLWKQLFNHOFRDWHGILOOHUZLUHVZKLOHWKHPD[LPXPWHQVLOH
















:LWKLQ WKLV SDSHU WKH LQIOXHQFH RI VXUIDFH FRDWHG ILOOHU ZLUHV RQ WKH UHVXOWLQJ JHRPHWULFDO HOHFWULFDO DQG
PHFKDQLFDOZHOGVHDPSURSHUWLHV LV LQYHVWLJDWHG ,Q WKLVFRQWH[W WKHDSSOLFDWLRQRIFRDWHG ILOOHUZLUHV LQGXFHV WKH






WLQEHSUHIHUUHGDVFRDWLQJPDWHULDO LQVWHDGRIQLFNHO:LWKUHJDUG WR WKHPHFKDQLFDOSURSHUWLHVFRDWHGILOOHUZLUHV
LPSURYH WKH WHQVLOH VWUHQJWK DQG WKH SUHYHQWLRQ RI SUHPDWXUH IDLOXUH IDLOXUH DW OHVV WKDQ  RI WKH PD[LPXP
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]RQH ZKLOH HORQJDWLRQ DW EUHDN GHFUHDVHV DW WKH VDPH WLPH 7KHUHIRUH LI WKH PHFKDQLFDO SURSHUWLHV KDYH WR EH
LPSURYHG WKHXVHRIILOOHUZLUHVZLWKKLJKFRDWLQJ WKLFNQHVVDQG WLQ LQVWHDGRIQLFNHODVFRDWLQJPDWHULDOVFDQEH




















+RIPDQQ .+XJJHU )+RO]HU 05RWK 66FKPLGW 0  .XSIHU$OXPLQLXP.RQWDNWLHUXQJHQ IU $QZHQGXQJHQ LQ GHU
/HLVWXQJVHOHNWURQLN ,Q /DVHU LQ GHU (OHNWURQLNSURGXNWLRQ 	 )HLQZHUNWHFKQLN 7DJXQJVEDQG /()  +UVJ 0 6FKPLGW 6 5RWK
0HLVHQEDFK%DPEHUJ
.OHLQ %  3UR]HVVRULHQWLHUWH 6WDWLVWLVFKH 7ROHULHUXQJ ± 0DWKHPDWLVFKH *UXQGODJHQ ± 7ROHUDQ]YHUNQSIXQJ ± 0DNHWWHQUHFKQXQJ ±
3UDNWLVFKH$QZHQGXQJ+DXVGHU7HFKQLN)DFKEXFK%DQG([SHUW9HUODJ5HPPLQJHQ
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